2020 IEEE Conference on
Industrial Cyberphysical
Systems (ICPS 2020)

Tampere, Finland
10-12 June 2020

I E E E IEEE Catalog Number: CFP20M17-POD
4 ISBN: 978-1-7281-6390-1



Copyright © 2020 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This Is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP20M17-POD
ISBN (Print-On-Demand): 978-1-7281-6390-1
ISBN (Online): 978-1-7281-6389-5

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings



TABLE OF CONTENTS

WELCOME TO IEEE IES ICPS 2020......c..ccctmtitititeieienentineeieetetetente sttt e et st sre st ssenesaesresaeeneeane 3
ICPS 2020 ORGANIZING COMMITTEES .......cooiiiiiiiiiecceee ettt 5
TECHNICAL PROGRAM REVIEWERS ......oiiiiiiie ettt st e 9
ICPS ARCHITECTURES

DEVELOPMENT OF A SYSTEM ARCHITECTURE ENABLING A DYNAMIC
GENERATION OF PROCESS CHAINS FOR PRODUCTION AS A SERVICE ......ccccooovviiiiiiiiiiieieeee, 15
Jesko Hermann, Pascal Riibel, Martin Ruskowski

MULTI-AGENT SYSTEMS TO IMPLEMENT INDUSTRY 4.0 COMPONENTS .....cooooiiieiiiiieeeeeeeeae 21
Lucas Sakurada, Paulo Leitdo

TOWARDS TIME-SENSITIVE BEHAVIORAL CONTRACT MONITORS FOR IEC 61499
FUNCTION BLOCKS ..ottt ettt ettt ettt b et es et et e st e b e b e st b e beneesesbeneesesseneesenseneesesbeneenenee 27
Duc Do Tran, Jorg Walter, Kim Griittner, Frank Oppenheimer

USING A MODEL-BASED ENGINEERING APPROACH FOR DEVELOPING INDUSTRIAL
INTERNET OF THINGS APPLICATIONS . ... .ottt ettt e et e s et e e e e eaae e e eeaaeeesenaaeeeens 35
Christoph Binder, Dieter Draxler, Christian Neureiter, Goran Lastro

USING INDUSTRIAL STANDARDS FOR MODELING FLEXIBLE MANUFACTURING
SYSTEMS ..ttt ettt ettt b e bt bt ettt e b e e bt s bt aeeat et e e e b e s bt sbe e bt eaeea s et et e nbe st e e bt eneeane 41
Alejandro Lopez, Elisabet Estévez, Oskar Casquero, Marga Marcos

ICPS TECHNOLOGIES

3D PERCEPTION WITH LOW-COST 2D LIDAR AND EDGE COMPUTING FOR
ENHANCED OBSTACLE DETECTION ..ottt sttt ettt bt eaeenene 49
Victor Kathan Sarker, Li Qingqing, Tomi Westerlund

A CONTAINER-BASED IOT-ORIENTED PROGRAMMABLE LOGICAL CONTROLLER...................... 55
Jacob Mellado, Felipe Nuiiez

A FEATURE IMPORTANCE ANALYSIS FOR SOFT-SENSING-BASED PREDICTIONS IN A
CHEMICAL SULPHONATION PROCESS ... .ottt sttt sttt et st 62
Enrique Garcia-Ceja, Asmund Hugo, Brice Morin, Per Olav Hansen, Espen Martinsen, An
Ngoc Lam, Oystein Haugen

A MONITORING SYSTEM FOR ANOMALY DETECTION IN FOG MANUFACTURING..........cccceceeueee 67
Lening Wang, Yutong Zhang, Ran Jin

ADAPTIVE CONTROL FOR CYBER-PHYSICAL SYSTEMS AGAINST ACTUATOR
ATTACKS ettt ettt ettt e et e s et b e st e st e b e st es e e b e s s e st e b en s e st e b e b ene e s e beneese b entesebeneenenbeneenenee 73
Hongyan Yang, Yuchen Jiang, Shen Yin



ADAPTIVE REAL-TIME SCHEDULING FOR COOPERATIVE CYBER-PHYSICAL
SYSTEMS ...ttt b sttt b et et b st et b e bt e st e ket s e e bt e bt e b et e st e b et e st et et ene et et eneeten 79
Georg von Zengen, Jingjin Yu, Lars C. Wolf

AN EFFECTIVE SEMANTIC SECURITY METRIC FOR INDUSTRIAL CYBER-PHYSICAL
SYSTEMS ...ttt ettt ettt ettt et et e st st et e st et et e st et et e st et e s estes e sestesesseseetesent et e aseneetenseneesenseneetens 87
Andreas Aigner, Abdelmajid Khelil

APPLICATION AND IMPROVEMENT OF SEQUENCE ALIGNMENT ALGORITHMS FOR

INTRUSION DETECTION IN THE INTERNET OF THINGS .......ooooiiiieeeee e 93
Haejin Cho, Sangwon Lim, Viacheslav Belenko, Maxim Kalinin, Dmitry Zegzhda, Ellada
Nuralieva

ARCHITECTURE FOR KNOWLEDGE EXPLORATION OF INDUSTRIAL DATA FOR
INTEGRATION INTO DIGITAL SERVICES.........ccttiitiiiiieieteieieiteiee ettt enes 98
Jan Nicolas Weskamp, Arnab Ghosh Chowdhury, Florian Pethig, Lukasz Wisniewski

BULK DATA TRANSFER IN CONTROLLER AREA NETWORKS FOR INDUSTRY 4.0....cccceeevvveeennen 105
Giovanni Zanuso, Viktoria Fodor

CO-DESIGN APPROACH OF SCHEDULING AND ROUTING IN TIME SENSITIVE
NETWORKING ...ttt sttt ettt sttt sttt ettt est e sttt sh st e e st eas et et e naesbeebeeueestentenbenbestenbeeueeneens 111
Lei Xu, Qimin Xu, Yanzhou Zhang, Jinglong Zhang, Cailian Chen

COMPARISON OF FAULT DETECTION METHODS FOR A HYDRAULIC ACCUMULATOR
LOADING CIRCUIT ...ttt ettt et e et tes e stestesestessese et asseseesessessasesseseesessessasesseseesassessesessesessens 117
Kurt Pichler, Rainer Haas, Christian Kastl, Andreas Plockinger, Paul Foschum

COMPARISON OF ULTRA-WIDEBAND RANGE PROCESSING AND FILTERING FOR
INDOOR LOCALIZATION ...ttt ettt e e ettt e e e e s ettt eeeessesaaeeeessssssnsasseeeeeesssnnnnrees 123
Fabian Holzke, Mohammad Ghojal, Peter Danielis, Dirk Timmermann, Frank Golatowski

CYBER-ATTACKS AND MITIGATION IN BLOCKCHAIN BASED TRANSACTIVE

ENERGY SYSTEMS ...ttt ettt ettt sttt ettt et ettt et s et e st ese st et eseete st ene et enseneetesseneesensenensens 129
Carlos Barreto, Taha Eghtesad, Scott Eisele, Aron Laszka, Abhishek Dubey, Xenofon
Koutsoukos

DEPLOYMENT OF BATCH PROCESSING FOR LOG FILE ANALYSIS ....coooieiiiieirieieieieeeeveeeeeees 137

Esa Heikkinen, Timo D. Hdmdldinen

DETECTING A STEALTHY ATTACK IN DISTRIBUTED CONTROL FOR MICROGRIDS
USING MACHINE LEARNING ALGORITHMS .....oooiiiiioieeeeee ettt ettt ettt e e e e eesaaeeeeseseeenns 143
Mingxiao Ma, Abdelkader Lahmadi, Isabelle Chrisment

GRAPHQL INTERFACE FOR OPC UA ...ttt ettt et veesae st saaesaeeaeesvesnsesneesseenseensens 149
Jani Hietala, Riku Ala-Laurinaho, Juuso Autiosalo, Heikki Laaki

METHOD FOR ASSESSMENT OF SECURITY-RELEVANT SETTINGS IN ANOMALY-
BASED INTRUSION DETECTION FOR INDUSTRIAL CONTROL SYSTEMS ..o 156
Robert E. Gillen, Stephen L. Scott

OPC UA BASED IEC 61499 DEVICE CONFIGURATION INTERFACE .......ccooooiiiiieiieceie e 162
Muddasir Shakil, Alois Zoitl

SPECIFICATION-BASED DISTRIBUTED DETECTION OF RANK-RELATED ATTACKS IN
RPL-BASED RESOURCE-CONSTRAINED REAL-TIME WIRELESS NETWORKS .........ccccocveieirnnne. 168
Areej Althubaity, Tao Gong, Kim-Kwang Raymond, Mark Nixon, Reda Ammar, Song Han



ICPS ENGINEERING

A BEHAVIOUR-DRIVEN DEVELOPMENT APPROACH FOR CYBER-PHYSICAL
PRODUCTION SYSTEMS ..ottt ettt ettt bbbt ee s nnen 179
Udo Kannengiesser, Florian Krenn, Christian Stary

A NOVEL LINEAR AND NONLINEAR CHARACTERISTIC PARAMETER APPROACH FOR
ANALYSIS AND DESIGN OF NONLINEAR SYSTEMS .....c.ooiieirieietinieieiieieeeesieeeteeseeeeesseae e naeseenes 185
Jingying Li, Xingjian Jing, Zhengchao Li, Xianlin Huang

AI MEETS AGRICULTURE: A SMART SYSTEM FOR FOREIGN OBJECT DAMAGE
AVOIDANCE ...ttt ettt et a e st b e e bt et et et n b et e e bt bt et e st et et et e nbesbe bt eaeeane 191
Abdellatif Bey-Temsamani, Agusmian Partogi Ompusunggu, Florian Hammer

ASSISTED SAFETY TEST EXECUTION LINKING E-CAD AND TEST MANAGEMENT

WITH AUGMENTED REALITY ..ottt sttt ettt ettt snene st snenenen 196
Birgit Vogel-Heuser, Simon Ziegltrum, Joachim Frank, Freihold Hasselfeld, Herbert Grébl,
Claus Botzenhardt, Bernhard Werner

CYBER-PHYSICAL MOBILE ARM GESTURE RECOGNITION USING ULTRASOUND AND

IMOTION DATA ...ttt ettt ettt ettt e s e st et e s ess et e s eseeseesasseseesensesaesenseseesensesasenseseasensesesan 203
Veronika Putz, Julia Mayer, Harald Fenzl, Richard Schmidt, Markus Pichler-Scheder,
Christian Kastl

INDUSTRIAL CYBER-PHYSICAL PLATFORM FOR SMALL SERIES PRODUCTION OF
POLYMER PARTS ...ttt sttt ettt st sttt ettt s a e st s bt e he ettt et et e nbe st bt eneenne 209
Artemiy V. Chukichev, Olga S. Timofeeva, Eugeny I. Yablochnikov, Armando Walter Colombo

INTRUSION DETECTION & PREVENTION IN PROGRAMMABLE LOGIC CONTROLLERS:
A MODEL-DRIVEN APPROACH ..ottt ettt sttt es b e e esenseneenen 215
Rohit Negi, Aneet Dutta, Anand Handa, Ujjwal Ayyangar, Sandeep K Shukla

MACHINE VISION FOR AUTO POSITIONING IN THE MODULAR INDUSTRIAL

EQUIPMENT: A CASE STUDY ..ottt ettt ettt ettt ettt 223
Maxim Ya. Afanasev, Yuri V. Fedosov, Yuri S. Andreev, Anastasiya A. Krylova, Sergey A.
Shorokhov, Kseniia V. Zimenko, Mikhail V. Kolesnikov

REINFORCEMENT LEARNING LIFECYCLE FOR THE DESIGN OF ADVANCED ROBOTIC
SY STEMS ..ottt ettt ettt e e e e e ettt e e e s e s ettt e eeesesaaataeeeeesessastaaeeeesessannaaaeeeesessnnnraaeeeeens 230
Philip Kurrek, Firas Zoghlami, Mark Jocas, Martin Stoelen, Vahid Salehi

STRUCTURING DISTRIBUTED CONTROL APPLICATIONS FOR ADAPTABILITY .....ccceevvvevverrnnene 236
Bianca Wiesmayr, Lisa Sonnleithner, Alois Zoitl

SUPPORTING TROUBLESHOOTING IN MACHINE AND PLANT MANUFACTURING BY
BACKSTEPPING OF PLC-CONTROL SOFTWARE ...ttt eeeaeee e 242
Bernhard Werner, Birgit Vogel-Heuser, Simon Ziegltrum, Herbert Grobl, Claus Botzenhardt

THREE-LAYER APPROACH TO DETECT ANOMALIES IN INDUSTRIAL

ENVIRONMENTS BASED ON MACHINE LEARNING .......cocoiteiiiiieeieieieiietenteeete sttt seeseeesseseeesaeeeeens 250
Daniel Gutierrez-Rojas, Mehar Ullah, loannis T. Christou, Gustavo Almeida, Pedro Nardelli,
Dick Carrillo, Jean M. Sant’Ana, Hirley Alves, Merim Dzaferagic, Alessandro Chiumento,
Charalampos Kalalas

TOOLING FOR AUTOMATED TESTING OF CYBER-PHYSICAL SYSTEM MODELS.........cccoeeeunee... 257
Tim Broenink, Bas Jansen, Jan Broenink



TOWARDS AGILE MANAGEMENT OF CONTAINERISED SOFTWARE AT THE EDGE.................... 263
Rustem Dautov, Hui Song

VARAPP: VARIANT MANAGEMENT APP FOR IEC 61131-3 COMPLIANT LEGACY
SOFTWARE ..ottt ettt ettt st et ee st et e st et e e st st et es e e te st e st et eneeseebeneeseebeneeseesentesesseneenenes 269
Juliane Fischer, Birgit Vogel-Heuser, Elisabet Estévez, Markus Male

1ICPS APPLICATIONS

6 DOF POSE ESTIMATION FOR EFFICIENT ROBOT MANIPULATION........cooiiiiiiieeieeeeeieeee e 279
Hsien-I Lin, Subhajit Nanda

A HEURISTIC-BASED HOME ENERGY MANAGEMENT SYSTEM FOR DEMAND
RESPONSE ...ttt ettt etttk b ettt b et b ket b et s bkt st bt sbebenea 285
Hafiz Majid Hussain, Pedro H. J. Nardelli

A HOLISTIC APPROACH FOR SELECTING APPROPRIATE MANUFACTURING SHOP
FLOOR KPIS ...ttt ettt e ettt e e e e et e e e e e e s aateeeeeesasasaeeeeeessansasseeeeeesssnsnsaaeeeeesssnnns 291
Abdul Rehan Khan Mohammed, Bilal Ahmad, Robert Harrison

A SMART FACTORY SETUP BASED ON THE ROBOCUP LOGISTICS LEAGUE ........cccccovveirveiennne. 297
Niklas Sebastian Eltester, Alexander Ferrein, Stefan Schiffer

COMPLEX VEHICLE ROUTING WITH MEMORY AUGMENTED NEURAL NETWORKS.................. 303
Marijn van Knippenberg, Mike Holenderski, Vlado Menkovski

DIGITAL TWIN EXPERIMENTS FOCUSING VIRTUALISATION, CONNECTIVITY AND
REAL-TIME MONITORING. .......cooiiiiiiiiii ittt ettt tee et e e e et s e aaeeeteeeaseseaeseaeeeteesaeesveeeneeanns 309
Flavia Pires, Victoria Melo, Jodo Almeida, Paulo Leitdo

FAULT CLASSIFICATION IN PHOTOVOLTAIC ARRAYS USING GRAPH SIGNAL
PROGCESSING. ...ttt e et e et e e e ea et e e e et e s eaaeeesaateeesaasteessaaaeeesasteeeseneseessanseessarseeesannns 315
Jie Fan, Sunil Rao, Gowtham Muniraju, Cihan Tepedelenlioglu, Andreas Spanias

NOISY SIGNALS IN WASTEWATER TREATMENT PLANTS DATA-DRIVEN CONTROL.:
SPECTRAL ANALYSIS APPROACH FOR THE DESIGN OF ANN-IMC CONTROLLERS .................... 320
Ivan Pisa, Antoni Morell, Ramon Vilanova, Jose Lopez Vicario

PERFORMANCE COMPARISONS OF DIFFERENT OBSERVER-BASED FORCE-

SENSORLESS APPROACHES FOR IMPEDANCE CONTROL OF COLLABORATIVE

ROBOT MANIPULATORS ...ttt ettt st e ettt e bbbt bt est e st et e tesbesbeeneeaeenes 326
Shih-Hsuan Chien, Jyun-Hsiang Wang, Ming-Yang Cheng

TOWARDS SWARM: A SMART WATER MONITORING SYSTEM .....coooiiiiiiieeeeeeeeeeeeeeeeee e 332
Julian Kunze, Vincent Mayer, Lisa Thiergart, Saqib Javed, Patrick Scheppe, Tam Tran,
Markus Haug, Mariana Avezum, Bernd Bruegge, Eugene C. Ezin

UNSUPERVISED POSE ANOMALY DETECTION FOR DYNAMIC ROBOTIC
ENVIRONMENTS ..ottt sttt ettt ettt ettt ettt st st se et st et et e s en e et e saeseete st eseetessent et enseneesesseneesensenensens 338
Firas Zoghlami, Philip Kurrek, Mark Jocas, Giovanni Masala, Vahid Salehi

WEARABLE INERTIAL SENSORS TO RECOGNIZE BASIC HUMAN MOTION: WHAT
TECHNOLOGY FOR WHAT ACTIVITY 2.ttt ettt e e eate e et e e e et e e senaaeas 344
Vincent Della-Libera, Alvaro Llaria, Guillaume Terrasson, Octavian Curea



1ICPS EDUCATION AND SOCIAL ASPECTS

ANALYSIS OF THE WORKFORCE SKILLS FOR THE FACTORIES OF THE FUTURE......................... 353
Paulo Leitdao, Carla A. S. Geraldes, Florbela P. Fernandes, Hasmik Badikyan

APPLYING TASK-CENTRIC HOLISTIC TEACHING APPROACH IN EDUCATION OF

INDUSTRIAL CYBER PHYSICAL SYSTEMS. ..ottt ettt sve e st e saeesnbeessvaesnbeesnneesnne 359
Elena Mikio, Eugeny Yablochnikov, Armando Walter Colombo, Juho Mdkid, Robert
Harrison

CLOSING THE SKILLS GAP IN THE ERA OF INDUSTRIAL DIGITALISATION......ccccoevevirireieeirenee 365

Freeha Azmat, Bilal Ahmad, Walter Colombo, Robert Harrison

CYBER-PHYSICAL CONTROL OF INDOOR MULTI-VEHICLE TESTBED FOR
COOPERATIVE DRIVING.......coiiiiiiiiieiietisietietesteteste ettt sttt sttt ettt etesaeststesseseetesseseesassessesessessesessesensens 371
Ali Bemani, Niclas Bjérsell

DEVELOPMENT OF A SMART EXTRUDER AS A DEMONSTRATOR FOR AN
INDUSTRIAL 4.0 COMPONENT WITH ETHERCAT AND MQTT CONNECTION.........cc.ccveveeriereenene 378
Elmar Wings, Juliane Rebekka Elsner, Armando Walter Colombo

LEARNING INDUSTRIAL CYBER-PHYSICAL SYSTEMS AND INDUSTRY 4.0-
COMPLIANT SOLUTIONS. ... .ottt ettt sttt st sttt st ettt et st tesaesestesseneetessenestesseneesesseneesenseneesens 384
Armando Walter Colombo, Gerrit Jan Veltink, Jorge Roa, Maria Laura Caliusco

ICPS WORK IN PROGRESS

A HYBRID CYBER PHYSICAL DIGITAL TWIN APPROACH FOR SMART GRID FAULT
PREDICTTION ...ttt ettt ettt ettt ettt s te st e e e st e st e st e s e seeseeseeseeseessensanseeseeseeseeaeeneansensessensesseeneeneeneanes 393
Nikolaos Tzanis, Nikolaos Andriopoulos, Aris Magklaras, Eleftherios Mylonas, Michael
Birbas, Alexios Birbas

A REST AND HTTP-BASED SERVICE ARCHITECTURE FOR INDUSTRIAL FACILITIES.................. 398
Md Shahedul Alam, Udayanto Dwi Atmojo, Jan Olaf Blech, Jose L. Martinez Lastra

AN APPROACH FOR AN INDUSTRIAL INFORMATION MODEL MANAGEMENT .......coovoveeeeiieeeenns 402
Sebastian Schmied, Daniel Grofimann, Selvine G. Mathias, Ralph Klaus Mueller

AN IOT SOLUTION FOR LOAD MONITORING AND TRACKING OF GARBAGE-TRUCK
FLEETS oottt ettt ettt e e e e ettt e e e e e s e e et e eeeessaaaa st eeesessasssaeeeeeessansassaeeeeesesnnnsseeeeeessnnnns 406
Jorge Maia, Jones Yudi

CHOREOGRAPHIES IN MICROSERVICE-BASED AUTOMATION ARCHITECTURES :
NEXT LEVEL OF FLEXIBILITY FOR INDUSTRIAL CYBER-PHYSICAL SYSTEMS......c.ccoevveieiennne 411
Andreas Stutz, Alexander Fay, Mike Barth, Mathias Maurmaier

CONDITION MONITORING FOR THE BINDER JETTING AM-PROCESS WITH MACHINE
LEARNING APPROACHES ...ttt bttt ettt 417
Daniel Giinther, Mina Fahimi Pirehgalin, Iris Weifs, Birgit Vogel-Heuser

CONTROL OF KNX DEVICES OVER IEEE 11073 SERVICE-ORIENTED DEVICE
CONNECTIVITY ittt ettt sttt sttt sttt skttt skt be st bkt st senesneneneas 421
Nicolai Kraus, Marc Viertel, Oliver Burgert



FRACTIONAL CONTROLLING SYSTEM OF AN AUTONOMOUS LOCOMOTIVE
MULTIFUEL ENGINE. ...ttt ettt e e et e e e ettt e e et e e s st e e seatteeseaaeesseaseeesaneeeesanes 425
Anton Ivaschenko, Viadimir Avsievich, Alexandr Avsievich

INTEROPERABILITY BY CONSTRUCTION: CODE GENERATION FOR ARROWHEAD
CLIENTS oottt ettt et ettt ettt e et e et eeaa e e eaa e e eaa e e st esaa e e st e e saseesaaeesaneesateesntesaseesaneeanes 429
Michele Albano, Brian Nielsen

MACHINE LEARNING FOR FAST SHORT-TERM ENERGY LOAD FORECASTING.......ccccoovvveeeennn. 433
Dominique Smith, Kristen Jaskie, John Cadigan, Joseph Marvin, Andreas Spanias

MULTIMODAL TOUCHLESS HUMAN MACHINE INTERFACE FOR AN IEEE 11073 SDC
INTERCONNECTED SURGICAL WORKSTATION .....cociiiiiiiiieieieieiieiesteteie ettt saese e s seeeens 437
Jan Heibeyn, Armin Janf3, Klaus Radermacher

SUPPORTING ROBOT APPLICATION DEVELOPMENT USING A DISTRIBUTED
LEARNING APPROACH ...t ettt et e et e e e ettt e e et e e s st e e seateeessaaseeseaaeessaneeeesannes 442
Arzam Kotriwala, Benjamin Kloepper, David Boeken, Debora Clever, Fan Dai

TOWARDS INCREASED FLEXIBILITY AND INTEROPERABILITY IN DISTRIBUTED
PROCESS CONTROL APPLICATIONS ...ttt ettt ettt ettt et ateeaeeeaeeeaeesaeesreseaeeanns 446
Ahsan Zia, David Hdstbacka

RESILIENCE OF CYBERPHYSICAL PRODUCTION SYSTEMS

HUMAN’S NEW ROLES TO ENSURE RESILIENCE OF INDUSTRIAL CYBER-PHYSICAL
S Y STEMS ..ottt et e e e ettt e e et e e et eeeeaateeeea it e e e ea—tee ettt e ea——ee e e t—teeeateeesaaaeeeataeeaans 453
Antoine Bailly, Houda Tlahig, Belgacem Bettayeb, Mourad Messaadia, M’ hammed Sahnoun

COUPLING CPS AND Al IN MANUFACTURING SYSTEMS

AUTOMATED RECONFIGURATION OF CYBER-PHYSICAL PRODUCTION SYSTEMS
USING SATISFIABILITY MODULO THEORIES........cccocoiiiiinininitctccenesenie ettt 461
Kaja Balzereit, Oliver Niggemann

DIGITAL TWIN-BASED OPTIMIZATION ON THE BASIS OF GREY WOLF METHOD. A

CASE STUDY ON MOTION CONTROL SYSTEMS ...ttt e 469
Rodolfo Haber, Stanistaw Strzelczak, Zoran Miljkovi¢, Fernando Castario, Luca Fumagalli,
Milica Petrovi¢

INCORPORATING UNCERTAINTY INTO UNSUPERVISED MACHINE LEARNING FOR
CYBER-PHYSICAL SYSTEMS ...ttt sttt ettt sttt ettt sttt et sttt sbe 475
Carlo Vof3, Benedikt Eiteneuer, Oliver Niggemann

ON THE DEVELOPMENT OF A COMPONENT MODEL FOR THE REALIZATION OF
INDUSTRY 4.0ttt ettt ettt skttt et et et e et et et e et et ese et e tese et e s eseetessese et enseneesesseneesenseneesens 481
Luis Neto, Gil Gongalves, Pedro Torres, Rogério Dionisio

TOLERANCE SCHEDULING FOR CPS ...ttt ettt e e eete e e eaae e s eatee e snaaeas 487
Lorenzo Ragazzini, Elisa Negri, Luca Fumagalli, Marco Macchi, Jacek Koztowski

TRAINING AN UNDER-ACTUATED GRIPPER FOR GRASPING SHALLOW OBJECTS

USING REINFORCEMENT LEARNING ......coouiitiitiitieieietesteste ettt eieestessesessessessesseessesaessessessensessessesssssseses 493
Wael M. Mohammed, Mirostaw Nejman, Fernando Castario, Jose L. Martinez Lastra,
Stanistaw Strzelczak, Alberto Villalonga



CYBERPHYSICAL SYSTEMS FOR DEFORMABLE OBJECT MANIPULATION

A LOW COST TACTILE SENSOR FOR LARGE SURFACES BASED ON DEFORMABLE

SKIN WITH EMBEDDED IMU ...ttt et ettt e e et e e s aaeeeeenaeeeseaneeesneeeeeas 501
Yuki Iwamoto, Roberto Meattini, Davide Chiaravalli, Gianluca Palli, Koji Shibuya, Claudio
Melchiorri

AN APPROACH FOR MODELING GRASPING CONFIGURATION USING ONTOLOGY-

BASED TAXONOMY ..ottt sttt ettt ettt s bt bt e bt e ates e e et e sbeebeebeesten b et enbesbeebeeneeneenee 507
Wael M. Mohammed, Pablo Malvido Fresnillo, Saigopal Vasudevan, Ziga Gosar, Jose L.
Martinez Lastra

CONTROL STRATEGIES FOR DUAL ARM CO-MANIPULATION OF FLEXIBLE OBJECTS
IN INDUSTRIAL ENVIRONMENTS. ...ttt ettt et e et e et e e e e e s eeaeeessaeeessenaseesssaeeessnteessnnneeas 514
Aitor Ibarguren, Paul Daelman, Miguel Prada

MODEL-BASED MANIPULATION OF DEFORMABLE LINEAR OBJECTS BY
MULTIVARIATE DYNAMIC SPLINES .....oooiiiiiiiioie ettt ettt et eeaae e saeeeveeeaeeenns 520
Gianluca Palli

OPERATIONAL SAFETY VERIFICATION OF CYBER PHYSICAL INDUSTRY 4.0
APPLICATIONS

NON-LINEAR ANALYSIS FOR OPERATIONAL SAFETY VERIFICATION OF CYBER
PHYSICAL SYSTEMS ...ttt ettt ettt a e bbbt bt et et e st e besbesbesbeeaeene 529
Ayan Banerjee, Imane Lamrani, Sandeep K.S. Gupta

DISTRIBUTED MACHINERIES AND SMART SYSTEMS FOR MATERIAL HANDLING
AND SMART MANUFACTURING USING INDUSTRY 4.0 TECHNOLOGIES

AN OPC UA-BASED CRANE MODEL USING TIME-SENSITIVE NETWORKING

TECHNOLOGY ..ottt ettt st ste ittt etteteste st steteseetessesestassese et asseseesenseseaseseseaseseseesassessesassensasessesensens 537
Frank Golatowski, Hannes Raddatz, Fabian Holzke, Enkhtuvshin Janchivnyambuu, Peter
Danielis, Dirk Timmermann

EVALUATION AND EXTENSION OF OPC UA PUBLISH/SUBSCRIBE MQTT BINDING ................... 543
Hannes Raddatz, Eman Mahmoud, Fabian Holzke, Peter Danielis, Dirk Timmermann, Frank
Golatowski

FLEXIBLE AND LIGHTWEIGHT FRAMEWORK FOR ACTIVE INDUSTRIAL ASSET
ADMINISTRATION SHELLS ......cuoitiitiietiieietiteiettetetet sttt ettt ettt s e sse e es e benseseesenseseesenseneanen 549
Stephan Wein, Lukas Korfer, Simon Storms, Christian Brecher

INTEROPERABILITY CHALLENGES FOR THE INDUSTRIAL CYBERPHYSICAL
SYSTEMS

A PLATFORM APPLICATION FOR EXPLOITING THE DIGITAL REFERENCE ONTOLOGY ............ 557
Konstantinos Sipsas, Andreas Zalonis, Raimund Broechler, Hartwig Baumgaertel, Hans Ehm



DIGITAL REFERENCE: A QUASI-STANDARD FOR DIGITALIZATION IN THE DOMAIN

OF SEMICONDUCTOR SUPPLY CHAINS .....ooiitiieiee ettt ete e et et eae e et eaeeeaeeeaeeereesneeenveeeneeanns 563
Hans Ehm, Erwin Schoitsch, Jan Wytze van der Weit, Nour Ramzy, Lanyingzhu Luo, Daniel
Louis Gruetzner

DISCOVERING WEB THINGS AS SERVICES WITHIN THE ARROWHEAD FRAMEWORK .............. 571
Luca Sciullo, Federico Montori, Angelo Trotta, Marco Di Felice, Tullio Salmon Cinotti

EVALUATING ARROWHEAD FRAMEWORK FOR DYNAMIC CONDITION MONITORING
APPLICATIONS AND EDGE COMPUTING IN MINING .......ooiiiiiiiiiiiiieeeeeeieeeeeeeeeeeteeee e eeeeaeeee e e eeans 577
Henrikki Hoikka, Antti Jaatinen, David Hdstbacka

METHOD FOR THE DEVELOPMENT OF AN ASSET ADMINISTRATION SHELL IN A

PRODUCT-DRIVEN MODULAR PRODUCTION — REALIZING AN ACTIVE DIGITAL

OBJECT MEMORY ..ottt ettt sttt sttt ettt et et s et e st e st et e st es e ete st ent et e nsent et esteneesenseneetens 583
Max Birtel, William Motsch, Jens Popper, Martin Ruskowski

MULTI-LEVEL MODELING TO OPC UA FOR MIGRATING TO INDUSTRY 4.0 IN
SEMICONDUCTOR MANUFACTURING. ......ccccctrtetrieieiteieieiteiesieit ettt e sttt stesesteaesesbeeesesseneenees 589
Fahad R. Golra, Selma Azaiez, Marc Engel

NATIVE OPC UA HANDLING AND IEC 61499 PLC INTEGRATION WITHIN THE
ARROWHEAD FRAMEWORK .....oooiiiiiiiiieee ettt ettt e e e se ettt e e e e s seaaaeeeeeessensnsaeeeeeesssnnns 596
Jose Cabral, Kirill Dorofeev, Pal Varga

HUMAN FACTORS IN AUTOMATION BASED ON CPS IOT TECHNOLOGIES

MODEL-FREE OUTPUT CONSENSUS CONTROL FOR NONLINEAR MULTI-AGENT
SYSTEMS WITH RANDOM DISTURBANCE ........ccooiiiiiieiiniieinieeeretetsteie sttt 605
Yipu Sun, Xin Chen, Hao Fu

Author Index





